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Summary

Data or rcliable estimates on thé amount
of pesticide residues on differing plant spe-
cies are frequently required in order to gval-
uate the toxicological significance of a
pcsucxde in the terrestrial environment. This
" paper includes and correlates data on resi-
dues of more thin 20 pesticides on more
than 60 crops as taken f.rom the litcrature
and from United Statcs crop tolerances. By
considcration of differences in vegetative
yield, surface to mass ratio, and plant inter-
ception factors, crops have been classified
into seven differing categorics.

Based on the experimental and tolerance
data, numerical Upper Limit ‘and Typrcal
Limit residue values have been assigned for
each of these crop categories, both immedi-
ately “after application and for the interval

six weeks after application of pesticide. The

Upper Limit and the Typical Limit residuc
values on these crop categories are in the

~ following descending order:

range grass.) grass ) leaves and leafy crops )
forage crops ) pods containing (=) sccds )
grain ) fruit

For a pesticide dosage of 1 Ib/acre, Upper_

Limit valuecs range frorh 240 ppm on range
grass to 7 ppm on fruit {immediately after
application]. Typical - Limit values range
from 125 ppm to 1.5 ppm.

The decline of pesticide residues with time
has been reviewed within the context of

man, domecstic ammals

cstimating residues at
time after application’
numericdl Limit valucs a
factors affecting decline!
adcquate estimation, of 4
for scher types of plants

unavailable. Estimates bas
concepts provide for. incr
defining the.s toxicologita
pesticides as rclated-to )

1 data are
the above

ficance of

wildlife. Sxmxlarly, the 1
pesticidal-cultural pracn"‘

significance of pbssi
the food supply of m
alsa is being pla“ccd

other terrestrial “wxld
residues of pcsufxdc
within the cont;“cxt‘
total environmedt. |

It follows that Elth
mates pcrt.unmg to,
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ferent pesticides ona wide varicty of plants
are nceded by ccologists, toxicologists, ori-
ginators of pest control, programs, and the
many government and industrial personnel
concerned with regulation of the use of
pesticides. Many cxcellent articles contain
quantitative data on the levels of residue of

" specific pesticides -on ‘an agricultural com-

modity or on a relatively small group of
agricultural commodities.:
many conditions affecting pesticide residues,
such as the amount and type-of formulation
applied, timing of application, the physical
and ‘chemical “properties’ of the pesticide,
and climate, have becn studied quantitative-
ly for specific cultural-pesticidal practicés.
However the available’ quantitative data are
limited in scope relative to the total environ-

mert. Maorcover, the literature data Jack suf- .

ficiedt ‘correlation to permit ready transla-
tion’ to ‘the many situations for whidh no
residue data are-available, such as ‘applica-

Similarly, . the

" dividual samples- of crops and food commod-

itics have been analyzed to-determine: the

level of residucs of specific pesticides. These

data delineate residucs on individual commod-

ities immediately after application of pesti-

cides, at varying intervals between treatment
and harvest, in commercial channels of trade,
and occasionally after processing and cook-
ing. Thus, there is an extensive data base

-upon which to develop correlations of resi-

due levels.

This data base has been considered in two
ways in preparing this paper. First, the pub-
lished literaturc has been randomly reviewed,
but with emphasis on recording levels .of

~ 1esiduecs which were the highest reported for

-

tion’ of pesticides to non- -cultured, naturally

growing vegetation or application of a new

" pesticide prior to obtaining field data.

Thus, the purposc of this paper is to sum-
marize Tepresentative available data on pesti-
cide residues and thereby to provide bases
for estimating residues of pesticides on ter-
restrial. plant.s The authors consider that the
accuracy of estimations should be sufficient

--fo permit meaningful asscssments of the en-

. vxronmental impact of 2 pest comrol pro-’

gram bascd on research data, prior to obtain-

- ing ﬁcld development information. Such

estimatcs of pesticide residue levels on di-
verse j‘fé“odl and feed itcms arc a nccessary
input to toxicological safcty ;alc'ulations and
evaluations. For examples, scc Kenaga [1971).

Ltterature and Tolerance Dataas &
Source’ of Pest:cnde Residue Information.

Sophxsncatcd analyucal mcthodology has
been developed during the past two decades
for accurately dctcrmxmng tracc amounts of
almost every pesticide manufactured. In ad-
dition, literally hundreds of thousands of in-

areprescntative cross-section of experimental
and commercial pesticidal-cultural practices.
This paper includes illustrative data from
22 articles, although scveral hundred articles
were reviewed. The highest levels of pesti-
cide rcdidues were emphasized in order o
rcprjcscnt the most rigorous. situations re-
quiring toxicological evaluation of pesticide
residucs. ‘

The sccond source of residue information
used in preparing this paper was the list of
tolcmnccs and use conditions published by
the Umtcd States Department of Agricul-
turc {1968, 1969). Before a pesticide is used
commergially on a food crop in the United

~States, 2 tolerance value for residue$ of the

. pesticide must be established by the United
. States Food and Drug Administration. The

tolerance valuc is based upon the results of
carcfully. conducted, replicated experiments,
usually at scveral geographical locations. In
sampling - an agricultural arop, the pre-

-sence of residuc which exceeds the tolerance

value would be basis. for legal action. For
this rcasyon the tolerance value customarily
represents  the highest level of residug of
pesticide found in many samples from scve-
ral cxperiments at a defined time interval
after application, rather than the average
level of residue. Since analytical methodol-

ey is often validated by a-sccond parrty, and
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Literature and Tolerance Data

" Bases for Cor%dating Residue Data 11

since exper_iments from several géogréph_i;
cal locations represent a variety of clima-
tic variables, the tolerance values often pro-
vide a more substantive basis for correlating
residue data than some of the literature data
‘citing results of single experiments. Al-
though the relative toxicity of a pesticide is
a factor in determining whether a tolerance

will be established or whether a harvest y

time restriction is neceded, it should be
emphasized that the actual numerical value
of the tolerancé is based primarily upon the

however, that the, proportional relationship
of residue level to dosage is swuictdy true

_only when all experimental or field varia-

bles ather than dasage aresimilar, Therefore,
differences in RUD values indicate variation
I one or 1mote arameters affecting
1esidue levels, v
Consideration of literature data on pesti-
cides indicates that residue levels of any pe_s-‘
ticide. on similar plants are usually of the
same order of magaitude if measured imme-
diatcly after application of the pesticide an

Tesults of the residue experiments [FDA,

if the trcatment -rates, are similar. Fof

T9B8

—— .
Bases for Correlating Residue Data

tated by unitizing an important paramcter
affecting pesticide residue levels, namcly, the

amount of pesticide applied (dosage] to a _ data fretn one crop is often translated asr

- unit arca of cropland (IbfAL On an ;mh-
_mctical basis, application of a pesticide to a
given plant surface arca results in residucs
in dircct propordon to the dosage, if other
variables are similar and if spray volumec
is maintained below ‘the point of significant
run-off.
This proportional relationship permits trans-
lation of residue data to a common basis
--which we will designate as Residue from a
~ Uit Dosage, abbreviated to RUD*. RUD
designates the residue in a food or feed
commodity after treatment with a pesticide,
the residue being calculated on the basis of
a dosage of 1 Ib/A.
actual residuce ppm
RUD = = —
treatment rate Ib pesticide/A
Arithmetically, RUD may be derived~from
residuc data on a crop trcated at any prac-
tical dosage. For example, if treatment of
an apple orchard at the rate of 15 1b mala-
thion/A leads to 12 ppm residue in or on
apples, then the RUD i5.0.8 ppm.
RUD values provide a convenient basis of
comparing residues from " diffcreat experi-
ments or field situations. It should 'be noted,

v.

Correlation of the literature data’is facili- » sorghum forage;

example, the Food and Drug Administranou;
has defined more than 25 crop groupings,
such as cherries, plums, and prunes;corn and,.’
and citrus fruits (U. S5
Code 1967). Crops within: a grouping ar
regarded as somewhat similar_and residu

prescntative of the data cxpected on other
crops I UTC grouping. [hcse CIop groupings

appear to be bascd primarily upen taxonom-,

ically similar speccies and are Lbcreforq

somcwhat narrow in scope. o
However, the principle of similar residue’

levels occurring on similar types of plan;s

is useful in correlating ;esidu'e'data a‘n‘cii‘

can be ecxtended by considering physi

factors relating to plant strutture. *
Three imporwant physical factors significant-
ly affect the level of residue 1mmcdxa:ely‘

afrer application of a pesticide to 3.grop ot
to ‘vegetative cover. Thesc are thtiv

O_f—t/hs__vw,@}x‘c surface a_'a’rc j

mass ratio of the food-dr' fced commodity,
and the2degred of interception of the pesti
cide by soil or by plants or plant portion’s
other than the given commedity. .

Each of thesc factors has been consxdcxed‘ ‘

. Cczzcndancr et al. {1969] and Getzendaner et ;1;
{1968] have used the proportional relationship af
rosidue level to dosage in intcrpreting residue leve
els of picloram on grass and of bromide ion in
1food commodities. They bave used the term spc-i
cific residuc to designate ppm picloram/ (b pics
loram/A} or ppm bromide/{lb CH3 BrI® ft%
space treated).
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“individually in the htcraturc by various -

investigators: For example, Palmer and Ra-
deleff (1969} considcred the yicld-per acre
of vegetative cover. in translating pesticide
dosage to residue level in forage.  Kenaga
{1968] considered the surface/mass ratio of
individual food items as a significant fac-
tor affecting “residue- levels Morton et* al,

{1967} in studying spray apphcatxons of:
several herbicides found that two' varietics

of rangc grass intercepted only 41 %0 of the
applied dosagf‘ Furcher, 'simple compari-

" son of ‘residue.levels bf 1:to 4 few ppm

pesticide 6 grains and fruit with the amount
of pesticide applied to the crop indicate that

_\yh Protecave hiaf, husk, or leaves intercept

f—sigmficant pomon of the apphed pcsn-'

cide.

"I-e'_o?'and fccd commodxtzcs thcrcfore, havc

been classified into different catcgorics,
which represent qualitative differcnces in ve-
-getative yield, surface/mas$ ratio, and inter=
ception factors. -For cxample, the categories
of grass, fruit, and grain are.obviously quite

diferent in ode or morc of thesc respects. .

Consideration of such crop categorics along

with transiation of .residue data to the basis..

of a dosage of 1:1b pesticide/A (RUD) pro-:
vide the bases for correlating the numerical
values of pesticide rcsxducs reported in this
papcr T -
Residue Values at Unit Dosage (RUD)
Derived from Literature and
Tolerance Data

Data on lcvels of residue for 21 pesticides..

in or dn 36 crops from 22 literature sources

Tabl}cnl. Residues of ;Pc.sticid”és on Range Crass "

 Crop * Pesticide t Days Applica- Highest Residue, . Reference

S ‘ : ‘Between  tion ppm
K : E Treat- - Rate, Lb
: ment Pesti-
& Samp- cide?
L ling Reported RUD?
Rarige Grass Dicamba, o2 100 50 - {Morton,
. Amine Salt 28 <2 12 6 etzl., 1967]
Range Grass 2,4D 0 2 250 125 ° (Morton, }
o - 28 2 50 25, etal, 1967} ~ .

Range Grass® 2,4D° 0 2 80 40 _‘(Morton,
(dead undercover| 28 2 8 4 et als, 1967)
Fodder Grass Endosulfan 0 0.2 ] 10 [Maier-Bode,

. [West Germany) : 0 0.6 55 .92 1968)
Range Grass * . Picloram, -0 3 720 240 {Getzertdaner,
(Montana) Amine Salts: 14, 3 ©125 42 et al., 1969%)
Range Grass Picloram, T 0 05t03 — 1354 {Getzendaner,
{7 states] Amine Salts 14 05w3 - 32¢ ct al., 1969}

56 050l - 24+

Reférence to specific pcsucxdcs in this paper is usually by the common, nonproprictary name.

Chemical names for insecticides  are hsted by Kenaga and Alhson (1969), for herbicides by The Weed

" Socicty of Amcrica (1967}, 7

Residue from Unit Dosage is calculated from

Dicamba, 2,4-D and Picloram are expressed as 1b acid cquwalcn:/A

ppm residue -
[b pesticide/A” -

Average mxdue values from experimrents with 3 different formuhuons in 7-states.
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Table2. Residues of Pesticides on Leaves and Leafy Crops

. -

0.9

Crop Pesticide Days . Applica- Highest Residue, Reference
) - _Between _tion . ppm : ‘
Treat- Rate,Lb™ - !
ment Pesti-
& Samp- cidelA
ling Reported -RUD!
Appie Leaves Parathion 004 2.5 250 100 _{Fahey, etal,, 1952}
Methyl Parathion 0.0% 1.9 138 73 A
EPN 0.04 2.1 o 263 125
Tomato Leaves Parathion 0. 0.5 21.5 24 (Smith, et al,, 1952}
Sulfotepp 0.04 0.45 2.4 5 : -
. B TR
Bean Leaves _ Endosulfan 0 1.0 28 88 . {Maicr-Bode, 1968)
Pear Leaves Endosulfan 0 025 0.8 3 (Maicr-Bode, 1968
Spinach Endosulfan 0 1- 21 21 (Maier-Bode, 1968}
Chard Endosulfan 0 1 57 57 (Maier-Bode, 19\»6‘8;)
Collard Endosulfan 0 0.75 39 52 (Maier-Bode, 1963)
C;uliﬂowcr Leaves Endosulfan 0 0.75 - 8.3 11 (Maier-_Bodc, 1‘3““3)
Cauliflower Head Endosulfan 0 0.75 <0.05 * (Maier-Bode, 11;“: ‘
Water Cress Enc‘losulfan g 0.5 1 ©32 {Maicr-Bode, 11‘968)
Celery “Endosulfdn 0 0.5 18 36  (Maier-Bode, 1968]
' 0 1.0 30 3.0 )
Celery Leaves Parathion 0.17 013 6.2 50 (Van Middclej#‘n and
0.17 0.13 1.3 8 Wilson, ]955)““ :
Celery Stalk Parathion 0.17 0.13 0.64 s {Van Midddc:P and
’ Wilson, 19551,
Cabbage Malathion 0.17 0.63 15 23 {Waites and
: 0.17 19 ) 48 Van Middelem, 1955}
. 7.0 1.9 24.8 13 Lo
Parathion 037 0.28 10, 36 . ‘-
7.0 0.28 1226 9 )
Carrot Tops Endosulfan ) 1 14 14 °  [Maier-Bode, 1968)
Turnip Greens Parathion 0.17 0.11 7.1 63 (Waites and i}
RS 017 0.3 31 103 Van_Middel;m‘, 1955}
. 7.0- 0.3 2.6 9 <, ‘
Lettuce Phosdrin 017 09 12 . 13 {Coffinand - .
1.0 0.9 2 2 McKinley, 1964)
_Diazinon 0.17 0.9 8 9 -
1.0 0.9 6 7
Demeton 0.17 _ 0.9 5* &
. 1.0 09 25t 3 o
Trithion 017 09 332 9 (Coffin, 1564)
1.0 7.5% -8
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Crop T . Pesticide . . Days

"Applica- - Highest - Residue, Reference
Between -tion ‘ppm
Treat Rate, Lb T
ment Pesti-
& Samp- cide/A )
ling Reported RUD?
Endosulfan 0 1 59 59 {Maicr-Bode, 1968)
‘ o 3 133 44
0 ‘ 1 11 11
Lettuce {Immature] Parathion 004- 09 98 109 (Smith, et al., 1952}
Lettuce (Mature]  Parathion 0.04 0.9 ‘56 - 62

(Smith, et al., 1952}

ppm residue
' Residue From Unit Dosage is caleulated from {b pesticid/a”

* Residue includes 3 isomers and metabolite.
* Residue includes trithion and 5 metabolites,

'

Table 3. Residues of Pesticides on Forage Crops -

“Crop - Pesticide - Days - Application Highest Residue,
. Between Rate, Lb ppm - .s
Treatment Pesticide/A :
.~ & Sampling

Reported RUD?!

Reference

Alfalfa Endosulfan 0 025 145 58

) DDT ] 1 332 33

0 2 651 33

0 4 - 160 . 40

0 10 3502 '35

Dieldrin ° 0 0.06 - 2t 33

1 006 0.7 12

. Endrin -0 0.12 32 25

o . 2 0.12 15 12

-7 0 025 < ¢« 7% 28

. 2 0.25 o5 T 14

Aldrin o 0.15 6 ~ 40

2 0.15 22 15

0 0.3 10 - 33

1 2 0.3 4 13

Alfalfa Aldrin 0 0.12 2 16

{14—20 inches} 4 . 18 012 <0.1 -

Chlordane. © 0 1 12 12

S 18 1 - 3 3

Toxaphene * 0O 1.5 30 20

. 18 1.5 ( 14 10

. . Red Clover Endosulfan . 0 0.25 82 33
i Birdsfoat Trefoil Endosulfan . 0 0.25 6.8 28
- Red Clover DDT 0 2 45 22

[Maier-Bode, 1968}
(Ebeling, 1963}

{Mitchell and .
Lykken, 1963)

{Mitchell and
Lykken, 1963)

{Mitchell and
Lykken, 1963] -

-3

(Dahm, 1952)
[{Dahm, 1952
{Dahm, 1952}

{Maies-Bode, 1968}
{Maier-Bode, 1968)
{Decker, 1957)

ppm residuce

4 Residue from Unit Dosage is calculated- from b pesticide/A’
' Residues estimated by extrapolition to zeroc time.

v
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Residues of Pesticides on Pods

'Corit.aining Seeds (Beans)

3 7.8

Table 4
Crop Pesticide<.. - .Dgys Application  Highest Residue, ppm’ Reference. '
. Between Rate, Lb . ‘
Treat- Pesticide/A”
ment
& Samp- )
ling Reported RUD!
- Snap Beans Dimethoate 1 0.25 1.7 7 (de Pietri-Tonelli, "
3 0.25 . 1.1 4 et al., 1965)
1 10 7.9 8
3 1.0 6.8 7 ;L
Green Beans  Endosulfan 0 0.5 2.3 4.6 {Maier-Bode, 1958 !
) 0 1.0 2.9 2.9. i
Erench Beans Endosulfan 0 1 1.4 1.4 \(Maxcr Bode, 1968
Red Kidney Endosullan 0 0.25 1.2 5 _[Maier-Bode, 1968
Beans ; . :
Green Beans Endosulfan 0 1.5 1.24 0.8 ° (Maicr-Bodcy
Snap Beans Malathion 0.04 1.75 8.6 5 {Smith, et al. ‘
05 1.75; 1.9 1.1
" Snap Beans DDT 1 0.6 - 1 1.7 » (Waites and; J
. 7 0.6 0.3 0.5 Middelem, 195
Green Beans Methoxychlor 0.04° 1.75 A 12 (Wallis and i
> 7.8 45 Carter, 1959

. i ) ppm residue
! Residue from Unit Dosage’'is calculated from m

Table5. Residuesof Pesticides on Fruits
‘Crop Pesticide ‘Days Applica- Highest Residue, ppm Reference
Between tion :
Treat- = Rate. Lb
merit Pesti-
& Samp- cidelA
ling .Reported  RUD!
Apricots ~ Capun 3t 7 168 24
L 6 7 2.8 04 ' H
Cherries | Dimethoate’ 0.17 . 1.8 5.6 3 "ldc Pietri-Tonelli, :t L,
. 1 1.8 6.6 4 19651 '
_Endosulfan 0 2.25. 15 66 {Maicr- Bodc ‘1968)
0 1.0 46 4.6
Peaches Dimecthoate 0.04 1.1 6.6 6 {de Pictri-Tonelli;
.1 1.1 6.0 5.5 19654 )
Parathion 0 054 0.5 14 {Braid and Dustan, ]
. 7 0.54 0.25 0% ’ L
0 1.1 1.3 1.2¢ :
7 11 065 0.6 . v
0 135: 43 '3 !
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Crop Pesticide . 2. Days o
:  Between  tuon

_ment - -tPesti-
& Samp- cide/A

Applica- Highc.u Rdﬁduc.ppm Rc/créncc

’

Treat  Rate, Lb

Reported RUD!

ling
EPN 0 1.13
QOlives Dimethoate 0 2.6
4 2.6
Apples Dimethoate 0 5.5
3 5.5
0. 16.5
R 3 16.5
Endosulfan 0 3.0
o] 2.2
Grapes " Endosulfan ] 0.5
Strawberries . Endosulfan 0 4
Methoxychlor 1 1.75
Orange " Diazinon 0 8.5
|Valencia) .
Orange Ovex 0 7.5
(Navel) :
- ' Dioxathion 0.17 ~4.7
- 017 | 17.8
Lemons, Diazinen -0 5.6
T ’ ) 1 ‘5.6
Dioxathion 0 5.6
o] o112
0

375

" 83 7 {Fahey, et al.; 1952}

119 . 4.5 (de Pietri-Tonelli, et al.,
6.9 25 1965) ,
2 0.4 . |de Pietri-Tonelli, et al.,
1.1 0.2 1965)

. 5.8 0.4 :

- 3.7 0.2
27 0.9 {Maicr-Bode, 1968)
1.7 0.8 o
1.2 2.4 {Maicr-Bode, 1968)
9 . 2.3 (Maier-Bode, 1968)
5.5 31 {Wallis and Carter; 1959)

.. 09 0.0 (Gunther, et al., 1958A)
25 0.3 {Gunther and Ieppson
. 1954}

0.7 - 0.2 [Gunther, et al., 19588}
1.8 0.1 : .
6.6 1 (Gunther, et al., 19584)
3.6 0.6

10.4 1.9 {Gunther, et al,, 1958B}

16.1 1.5 .
1.9 0.5

Residue from Unit Dosaéc is calculated from

on the basis of 350 gal. of spray/A.
Time after the last of 2 applicatons.
Immature fruit.

have been assembled in Tables | to 5. Sixty-
six pesticide-crop combinations are cited.
The data represent a sclection of values
from the literature with emphasis on the

ppm residuc

b pcs:xcxdc/A
Time after the last of 3 applications. Each apphcz on at the rate of 7 l1b/A. Application rar.: esumat:d :

Tables 1 to SCBprcscm ve categoxries of

crous@?am cly, range_grasy= casty

crops, foragp&rog@é?_ds_‘;muuung_smds

{beans), and__x_n_t;_]'hg:sc Ave categorics, al-

highest level of residue reported for a repre-
sentative cross-scction of pesticidal-cultural
practices, Pesucide formulations "applied as

“though somcwhat empirical,

have been
based upoen the concepts noted carlier that
Jesidues in plants are related to vegetative
interception factors, to the razio of surface/

sprays usually give  higher residue levels

;lé than dust or granular formulations. There-

. ' DEIC:

fore, only spray farmulations have been con-

- sidered. Data werc also sclécted to illustrate
scveral of the variables affecting levels of -

' residue both immediately after trcatment of
the crop and at intervals after treatment.

.0f RUD and the mean

mass, and to the vegctativ c.

Within cach crop catcgory of Tables 1 to
5 all of the RUD values for samples har-
vested on the day of pesticide trqatment
have been \compared. The highest valuc
value for each cate-




.1952)
.xcl].i, et al‘,

= 1 uelli, et al.,

= ‘- arter, 1959)
1 al., 1958A]
~

.—4: 1 jeppson,
el
al., 1958A}

al., 19588}

ate estimated

b= tegories of
: “_g—: s, and leafy
F—— ining sceds
¥F—-"2 (cgories, al-
| have been
carlier that
» vegetative
of surface/
per acre. -
rables 1 to .
imples har-
treatment
‘hest value
each cate-

Ol

- £
o AR
WMol

o

-
s N e @D

Residue Values at Unit Désage (RUD) Derived fr

» . P AR ela g T
i ST o

- ~, - -~ ol

om Literaturc... 17 -

gory arc shown in Table 6. The data indi-
cate that the level of residue decreascs, in

, _ €Creascs.
the following sequence:

rangc grass ) fruit and vegetable I'c:wg:s >

forage crops (alfalfa, clover) ) pods contain-
ing sccds {beans] » fruit. »
The residue data in Tables 1 to 5 rcpresent

. different pesticides and diffcrent crops. Al-

though the mean value correlations in

Table 6 have no - theoretical relationship to

the way in which the unrelated experiments
were conducted, we believe the fact that
the similarity in the relationship of the se-.
quence of mean values to the highest RUD
values supports: the empirical classification
of the crop residue data.

As a further test of the correlation of resi-
due levels with crop classification, the
United State tolerance (USDA 1968, 1969)

»

Table 7.
mended Treatment Rates (USDA, 1968, 1969)

Table 6. Correlation of Representative Litera-

- pure Data: Highest and Mean Values of RUD

According to Crop Category
the day of pesticide treatment) -

{samples collected -

‘RUD,

Crop Category ppm
Highest = b Pesti-
Residue vcidefA
Ncan
Residue.
Value
Range Grass 240 92 t0 125 ‘,;ji -
Fruit and Vegetable r
Lcaves 125
Forage Crops N
v {Alfalfa, Clover) 58
. Pods Containing Seeds
.{Beans)} 12
Fruit - 6.6

Residucs of Pesticides on Small Fruit as Derived from Crop Toler

ance Values and Recom-

-

RUDY,

Pesticide Crop B Highest Tolerance  Restriction-
Application Value, Days ppm
- Rate, Lb ppm Between
. Pesticide/A Treatment
' and Harvest
Carbary! Cherries 6 10 1 1.7
Cranberries 4 (dust) 10 1 - 2.5
Dewberrics 2 12 7 [3
Grapes 3 10 0 33
Loganberrics 2 12 7 6
Plums 6 10 1 17
Raspberries 2 12 7 6
Strawberries 2 10 1 5
Kclthane Blackberries & . .
Boyscnbcrrics 1.2 5 2 4
Dcwhberrics 1.2 5 2 4
Grapes ) 1.2 5 =7 T 41
N Loganberrics 12 5 ) 41
Plums 2 s 7 2.5
Raspberrics 12 S 2 4.1
. Strawberries  ~ 2.4 5 2 2
Toxaphene Rlackberrics & . }
Boysenberries 4 7 45* 175
Cranberrics .3 7 451 14 |
Loganberries 4 7 451 1.75
Strawberries 2 7 1 35
5 7 3 1.4
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M - Pesticide - Crop " "Highest Tolerance  Restriction- RIJDY,
2 - . Application - - Value, ‘Days ppm
2 ’ Rate, Lb~ ppm Between’
by Pesticide/A -* - Treatnient
. ‘ " and Harvest
" DDT - Bladkberries 2 1 45% 0.5
: Blucberries 2 7 21 3.5
Boysenberries 2 1 45 0.5
i Cherries . 12 35 30 0.3
16 3.5 42 0.2
Grapes 5 *7 40 14
Plums 12. 3.5 30 03
© Strawberries 4 1 451 0.25
Malathion Blackberries & . - .
Boysenberries 4 8. 1 2
Blueberries 2.5 8 1 3.2
Cherries 8 8- 3 1
Cranberries 2.5 8 3 3.2
Currants 2.0 8 1 o4
Dewberries &
- . Loganberries 4" 8 1 2.
- Gooseberries 2 8 - 3 4
Grapes 275 8 3 2.9
Plums 10 . 8 3 0.8
Raspberrieg 15 g - 1 1.8
. Strawberries 2 N 8 3 4
( Parathion Blackberries,
Boysenberries,
. Dewberries 1 1 15 1
Blueberries 0.6 1 14 1.7
Cherries 2.1 1 ‘14 0.5
Cranberries 0.8 1 15 1.3
1.0 1 30 1
_ . Currants 0.8 1 30 1.3
.= Grapes 1.5 1 14 0.7
_F 25 1 451 0.4
) Plums 4 1 14 0.25
Raspberries 1 - 1 15 1
Strawberries 0.8 1 14 = 1.3,
Methyl Parathion Cherries 25 1 14 04
< Gooseberries 1 . 1 15 1
o Grapes 0.75 1 14 R 22
-0 b Plums 4 1 14 " 05s
§'—~ { Strawberries 0.75° 1 14, 1.3
Demeton Grapcs 0.38 1.25 21 33
Plums 2 {x 3 vimes]) 0.75 30 0.38
Strawbérrics 0.38 0.75 21 2

' ppm residue
; - ' Residue from Unit Dosage is calculated from m

Estimate of time from start of fruit formauon to harvcsz

[

N I BN B o |

n
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RUD?Y,

ppm

0.25

for a number of pesticides on a number of
crops were tabulated as itustrated in Table
7 for small fruits. For comparisons, the to-
Jerancc values have been converted to RUD.
Tolerance values in the United States are
established for a pesticide chemical, either
on the basis that a commodity can be har-
vested immediately after treatment, or with
the stipulation that the pesticide chemical
not be used for a certain period before har-
vest. By considering the RUD values de-
rived from tolerances of a number of pesti-
cides on crops within a crop category, an
empirical profile is obtained which represents

—
L 4

10 T
3 Pesticides :
. « Corbaryt
§ . o M .
S ® Jemelon
& "fg' - T 4 ficafel
A A g a Malathion
LA s O Methyl parathicn
2k X Parathion
= ‘L x * Tosaphene
_‘: L ] -3
E|l 2
£ 10— o
= e :
= U8 3
= X o
L) o
o ]
i : 1o~
u I
W1 w &% ¥ % &
- Doys: between treotment ond harvest
\“" )
Fig. 1. Small Fruic “The Rcla:xonshnp Between

RUD and the Interval Between Treatment and
Harvest. ] ‘

Data taken from 23 pesticide tolcrances estab-
lished by the Food and Drug Administration
for residues in or on: blackberrics and boysen-
berries {6 tolerances}, blucberries (3], cherrics
(5), cranberries {4}, currants (2}, dewbcrries. [4);
gooseberries (2}, grapes {7}, loganberries (4],
plums {7}, raspberrics {4), and strawberries (7]

T,
gg“ Pesticides v, i
3 4 « tardaryls |
PR ) T
: * 1 Bemeton™!
L » Dicamba!:
x + Disulfatan’
a Motathionl
° g Methyl pardthion
Py 3 x Porathion |
2 © Phorate ;!
Fa :
=

Residue, Values at Unit Dosage... 19

residue “levels at varying periods between
treatment #nd harvest. Figure 1 is the pro-

- file or scatter diagram obtained by plotting

the data in Table 7. It is. sccn that the
highest RUD is 7 ppm on small fruit if a
pesticide is applied O to 7 days before har-
vest, and it is about 1.5 ppm if apphed 5
to 6 weeks before harvest.

Based on tabulations similar to Table 7,

. scatter diagrams show in Fig. 2 to.5 have

been prepared for grasses and foragc crops,
pods containing seeds grain and seeds -and
large fruit, respectively. These categorxes
were selected because of the large x;umbcrs

100 - l

M,

&2

Fig. 2. Grasses and Forage Crops. |
tionship Between RUD and the Interv! 'Bctwccn
Treatment and Harvest. o
Data taken from 29 pesticide tolcr:qcps esta-
blished by the Food and Drug Admisistration
for residues in or an: alfalfa {5 tolcr:nccsj bar-
ley {1), clover (5], corn forage (2}, cott‘pn forage
. (1], dandclion {2}, grass pasturcor range jgrass 1S},
pea forage (2}, cow peas (1), peppefmint and
spcarmint hay (1} [plotted as grekn

sorghum forage (2], and sugar beet tof,ws‘ (2).




PO
T -
* '.
— -
[ .
¥ .
; .
2
4
3
-
5
A
FrooE 0N .
i .. .
I .
- -
.3 1
¥ R -
L3
-
e
x, .
(e Cya. -
C 6

. - - v

S ~- A S W

; ’ e e w
1 Bady

20 Pesticide Residues on Plants: Correlation o
10— ; ,
3 [ . i Pesticides o L
5[7 1 S - Lorbarpl )
o BT -
: E ! o Jemetan .
L1 -1 Dicoiol
1 a . 4 | » Dimethoote ]l
i e & Molothion !
> - & Methyt parathion
% 2 “—Q"L—O‘———_ x Parglhion - [T
els e 1°® Tozophene
2 L - - L
a ° . o
= a8 e \ {a S ! .
=] ﬂ,ﬁ —_‘l . 1
! a
I -+ ‘
02 \ - : l
T
¢ s % 0 %o i
Doys belween tregtment and. hatvest
Fig: 3. Pods Containing Seeds and Shelled Pod

Vegerables. The Relationship-Berween RUD and

thie Interval Between Treatment and Harvest.
Data taken from 23 pesticide_tolerances estabr

~ lished by the Food and Drug "Administration

for residues in or on: shelled cowpeas {1 toler-

ancel, beans {3), green beans: [4), lima beans 31, -

dry beans {3}, black-cyed peas (1], shelled peas
{7}, and peas with pods (1]. 7

of tolerances for crops in these catcgorics
and because of their greater relevance to the
dictary intake of pesticide residucs in the
tood of birds and other wildlife. .

It should be noted that the data in Figures

1 to 5 represent 230 Eesticides-;;og combina-

tions, 12. diffcrent. pesticides anij_&,diﬂs;-

cnt crops. Almost all of the-data in the

scatter diagrams arc for diffcrent crop-pestl-
cide combinations than the data in Tables 1
to 5. The highest RUD values from cach 6t
the scatter diagrams arc shown in Table 8.
These valucs dezrease in the scquence:

grass ) pods containing seeds ) grain ) small
fruit ) large fruit : B

This scquence is similar to that shown in
Table 6. The agrecement in RUD values for
pods containing sceds and for fruit in the

£ chrcscntati':/c Data
10 -
8 ““ ‘ | ‘ Pts(icildts:
‘ = j i o Carbaryl..

o 007 °

» (emeion
a Jicolol

+ Disutloton
A Molathion
o Methyl porathien

x Porothion
. 1 ¢ Phorate
oa e Tozgphene
1

B
B!

w e % W % &
Days between ireatment and harvest

ppm
esticide /o

RO, ;
25

(
5
-\
|

Fig. 4. Grain and Seeds. The Relationship Be-
tween RUD and the Interval Between Treatment

and Harvest.

Data taken from 49 pesticide tolerances estab-
lished by the Food and Drug Administration
for residues in or on: barley (5 talerances}, dry .
beans (2], dry shelled lima beans {1}, corn {5),
cottonsced (6}, oats (5], rice {6, rye (2}, sorghum
{5}, soybeans (4], vetch seed (3), wheat (5.

- two correlations shown in Tables 6 and 8
must be considered excellent. . . -
Small fruit and large fruit were classified
scparately in order to cstablish whether
there was a difference in residue level that
corrclated with a differcnce in Surrace/mass
ratio. Small fruit show slightly higher’ resi-

ue values, but not ncarly as great in magni-
tude as would be expected by the differcnce

of surface/mass ratio. It is likely that diffe-
i tion

rences in foliar inter
of the fruir, as well as diffcrences in reten-
tioa diaracteristics ot the fruiv surface, at
143t parually account for@og-
relation. Mot mucle dii€erentd larg
—_—r .

The highest RUD values derived from tol-
- cranac-data for commoditics harvested 5 to
& wecks after pesticide application are alse

.:\'- . "“,.,«.o. .
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10 - - T 5 007 on alfatia { OECKER, 1957) .
. s[— | | g Pesticides : 7 (rotran on lemons { GUNTHER & JEPPSOR 1955
. l = = Carbary 40y ==~~~ — Endosuilon on cherries { MATER - B0DE 1963 |
. fa—- - ST rggr T = = EPX on peaches | FAKEY et o, 1957
‘ a o Jemeton . N\ = ~ Parathion oa mature lettuce ploats "
(o1 n ; ] ! [SMITH et al, 1957
by - ’ 4 ficofot 20
) - = Diméthaale \ ' ’ '
. a 4 Mgiathion - ‘.
2 4 ! I .o Methyl porathian !
s ! o x Porathion 107 i
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fa ‘ o . '+ .
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| f ; . lﬂ‘f‘\\ , \
0,2 x U.l' .
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. ' 1. ; 06 I 3
R T e T TR Uy
fays between trestment snd harvest . :
Fig. 5. Large Fruit. The Rclationkship Between 17 ;
. . 4

RUD and the Interval Between' Treatment and
Harvest. -~ .
Data taken from 74 pesticide tolerances estab-
lished by the Food and Drug Administration
for residues in or on: apples {9 tolerances], apri-
cots {8, avocado (3], citrus {8}, crabapples {1},
egg plant (7), figs (1), nectarines {7}, olives {1},
peaches {7], pears {9), pepper (1), quince {4,
tomatocs (8. . )

:~Table 8. Correlation of Representative Residue
~"Tolerance Data: Highest Values of RUD Accord-

ing to Crop Category

Highest RUD, ppm

Within 7 1U Pesticide/ A
~ Days of During 6th
" Pesticide Week After
. »Treatment  Pesticide
o Treatment
Crass o 110 20 -
Pads Containing ‘
Seeds 10 1.5 {eésti-
’ mated)
Grain T 10 1.5
Small Fruit 3 1.5
Large Fruje - 6 0.6

. pesticide residues illustrating the range:

-of residue levels for the relatively sm‘a‘ll

“ter of a few days to a few weeks. For exdmple

-

U . 1 12 3 oo
_ . ays afler ireatment T
Fig. 6. Representative plots of the de

cline rates encountered with varying pesticide-
plant combinations. : g

shown in Table 8. It should be noted; how-
ever, that these values are based.. o opl
limited available tolerance data ard th
data represent the more atypical slow deél;

J

ne
}

number of so-called ”persistent"pcstijc;id;‘c“s.
In contrast, residue levels of a larger nu‘mlgé‘r

of_pesticides decline to low levels in a mgt

data in Figurts 4 and 5 illustrate that residug
of malathion, and carbaryl are freque g'ly
below 1 ppm within one weck of harvest.
Figure 6 illustrates the range of dcclinc‘;“;r
and the type of decline profiles that may be
expected with different psdcide-plant“cdqn‘-
binations. Substantially complete disapp‘g:a‘jir;-
ance of parathion from lettuce occurred
within 1 day in contrast to a rclztivcly‘jisjl“oj”w

disappearance of DDT from alfalfa. '
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Pesticide Residues on Plants: Correlation of Representative Data

" Generalized Predictive Correlations
Summarizing, 'more than 250 diffierent pesti-
cide-crap combinations -are repigsented, by
the data in Tables 1 to S5 and Figures 1 to
5. Considering 'that pesticide residues on
plants decrease with time and that the cited
data include several of the relatively small
number of longer lasting, or so-called per-
sistent pesticides, it seems reasonable that’
data from the tables and figures provide
reasonable guidelines for estimation of pes-
ticide residues in instances where experi-
mental or field data are unavailable.
Thercfore, Table 9 has been prepared as a
reference for estimation of residues. It is de-
rived from Ty data in Tables 6
and 8 and a few estimated values as des-
cribed later. Upper Limit_and Typical Limit
_values, two new terms used im 1ablc .9,
correspond to the highest residue and mcan
‘residue values, respectively, from Tables §
ind 8. Upper Limit and Typical Limit values

after application of pesticide and for residue

are given for residue levels immediately .-

TEVEIs© weeks after application.

Poreach crop category, the Upper Limit
value represents the highest level of residue
resulting from application of pesticide, cal-
culated on the basis.of a dosage of 1 _1b/A.
It is belicved that there is a very low pro-
‘bability of excceding these Upper Limit re-
sidue” values . with pesticidal-cultural prac-
tices which are based on current technology,
since the limits are extracted from extensive
representative data and since the limits are
consistcnt with considerations of surfice/
: fnass ratio, vegetative yield, and interception
factors. These .Upper Limit valucs thercfore’
provide a very coascrvative basis for defin-
ing pcsticide content of rcprcscnmuvc plant,

) components.
: It should be emphasxzcd that more thag

) WW-

ed in this paper fall below the cited Upper
‘ Limit Valucs. Further, all of the data used
¢ in deriving the Upper Limits are weighted

‘cal Limit values have been cstimated cm-

lated on the basis of a dosage of 1 Ib/A

-

Table 9. Upper Limits and Typical Limits of
Residues of Pesticides on Differing Categories. of

Plants: Guidelinés for Estimation of Residues!

ppm Resfdue on the Basis of a

Pesticide
. Dosage of 1 1b Per Acre (RUD}
Immediately & Weeks .
After After . :
Applzcauon Application i
Plant  Upper Typical Upper Typicdl '
Category Lin;x’: Limit . Limit Limit
"Range Grass 2/19 P15 30 5 Co
Grass 1m0 92 - 20 1-5 £
Leaves and - i - . :

Leafy Crops 125 35 20 <1 : ‘
Forage Crops = 58 33 1.0 - <1 N U r N
Pods Contain- ’ TR S

ing Seeds 12 . 3 1.5 . <01
Grain = 10 3 15 - <01
Frui¢ 7 15 13 <02 s S

! Summary and integration of data from Tables
6and8 _ _,

toward extreme residue levels. The process
of assigning tolerance values reflects the
highest residue level observed under a num-’
ber of different practcal ficld conditions.
Also, wherever the literature included mul-
tiple results, the highest reported value has
been cited. For these rcasons, more typical
residuc values arc necded to properly repre-
scnt the majority of pesticidal-cultural prac-
tic -
Therefore, Typical Limit values, shown in i
Table 9 and representing many types of

pesticides, hayc been assigned on the ba- x
sis of the arithmetical mean valucs cited in

Table 6. In instances where the arithmeti-

cal mecan data were not available, the_Typi- i

pirically on thc basis_of disappearancc im-

plicd by the scatter diagrams, the tabulated
data, and Fig. 6. The Typical Limit residue 5
values represent the limit of residue likely ;
to result from application of pesticide, caleu-

\u—

.
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SigniBcance of Typical Limit Residues Values 23

They arc intended as representative limiting
valucs for residucs of any pesticide on plants

‘within the crop categary, except for.the

grouping of pcrszstent and/or sys:cmxc pesti-

cides.
The authors conclude that the Typical Limit
values provide Iy

conservative basis for defining the pesticide
content of food and feed items.

THe main purposes of the predictive correla--
tions shown in Table  areto: .

1]

_of . residues of even the most persistent -

3]

Dcfinc quantitatively the Upper Lzmzts of
residue of any pesucxdc umnedxately after
application.

Decfine guantitatively- the Upper Limits.

pesiicidcs that are to be expected over
a period of time.

Permit estimating the residuc level of a
pesucide on a given plant from a basis
which -depends only upon develgping an

".analogy between the surface/mass ratio,

4)

‘s}

the vegetative yield, and the interception
characteristics of the given plant and a
spectrum of rcprcsentativc crop classifica-
tians.

Give an cmpmcal sct of;ypzcal Lzmzc

s

Significance of Typical Lfmit Residue Values
For many purposcs the Typical Limit values

. shown in Tabld 9 will-be more uscful than

s}

4

the Upper Limit values, Examples of condi-
tions under whicl the Upper Limit values
might be adjusted downward, even below,
the Typical values are shown below. Thee-
.retical bases for adjustment of the Limit va-
lues will be treated later.

1} Exploratory laboratory aud/or greenhouse

data indicate thata pescicide is celatively
volatile [as x:mght be ‘indicated by vapor
pressure data or by preliminary experi-
ments indicating a decrease. in pesticidal
activity} over a limited-period of time.

2] The pestcide is kno 'n to be relatively

‘unstable to hydrolysxs ox1datxon OAE_I:_\__
t6degradatic gradation.
The plant or plant substrate of interest is
grown under a protectivecanopy of brush,
forest, or tall foliar plaan {as the case [or
forest insect control} o _E_Eégr_ggg;c_c_tue
covering of the plants as a. seed covered
by husk]. i ;
The plant or plant sitbstrite has been
treated with pesticide!before its stage of

ES which may be used to realisti-
cally predict the fate of a pesticide when
only exploratory laboratory data are avail-
able and thereby to permit more adequate
decisions (a) on whether to commercialize

a pesticide, and (b) on the sclection of -

usc patterns resulting in a minimum of

environmental risk.
Provide residue data for toxicological sa-

fety calculations involving the dietary in-

#take of pesticides by birds, other wild-

6}

7)

life, and domestic animals. -

Provide a basis for sclecting rclevant
pesticide levels to be used (a} in conduct-
ing laboratory toxicological studics, or {b)
in developing analytical methods with
appropriate scnsitivity.

Give a basis for comparison of the resi-
dues expected from pesticides of differing
-chemical, and physical propcrues.

5}

o

Residues of a pesticide |
judged in respect 4o the
nificance. Upper Limit 1
thc most extreme and
problems. Typical Limit
flect ‘the extreme of cn

rapid growth, c. g., grains before heading.
The plant or plant ‘Substrate has been

exposed to,a perio reladively high

rainfall or wind. B '
The conditions of aﬂ tion are such
that much of the pesacide is applied to
_the ground rather thédn retamcd by the
foliar surface {granuldrijor dust fomula-
tions, or direct applica

oX dological sig-
ueivalues reflect
requent residue
sidue values re-
nméntal  condi- -
tions likely to occur. The Typical Limit resi-
duc values, along with judgrhental modifica-
tions of their value, pro greatly in-
creased reliability in de ‘r.hc toxicolo-
gu:al significance of pcs des in the eavi-
' ronment
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Thc;’cfore, the Upper Liniit a'nd_TypicaI Lim-

“it valucs, when used “judiciously, provide
a basis for estimating the toxicological sig-
‘nificance of- pcstxcxdc rcszducs in thc food

- supply of man.

Theoretical Support for the
Predictive Correlations

« In the previous scction it was illustrated that

with somec knowledge of a particular pesti-
cidal-cultural - practice, the Limit values
might be adjusted to more realistically ré-
present the environmental situation. It there-
fore is appropriate to" review briefly the

theory of some of the additional parame-

ters affecting residue levels. Consideration

-of this thcory permits greater reliability in:
use and extension of the Limit values. Ad-

dmonally, this theoretical consideration- af- -
fords a supportive understanding of the vali-
dity of the Limit values.

Dilution of Residucs’ by Plant Growth. It'is
apparcnt that growth of a plant and resultant
increase of plant mass results in‘a decrease.
in the weight fraction of rcsidue in 2 plant
substance. In some instances this dilution by
plant growth is quite significant and occurs
within a matter of only a few weeks. For ex-
ample Sloan et al, {1951] showed that during.

the two-weck period before harvest, growth

.4alone accounted for a 73 % decrease in re-

sidue level of DDT on Iceberg lettuce. Simi-
larly, Decker's {1957} data on residucs of
DDT on clover translate to an 84 % reduc-
tion in residue level for a 4 to'6 week growth
period.

Dilution by growth or pcrths more cxph-
citly, the dcpcndcncy of residuc level upon
the amount of vegetative cover, provides an
explanation for the difference between the
RUD of 240 ppm for picloram on' range
grass in Montana (Table 1) and the lower
values for malathion (RUD of 110 ppm]) and
other pesticides on grass as derived from
tolerance data (Fig. 2). Range grass provides
a relatively low yield of forage-per acre and
the Montana experiment was conducted,

¥

‘when the grass was at the bootstage of head-

ing. Thus, the reported high residuc  of
picloram is not uncxpcctcd Data in Table 1
mdxcat: that range grass frorn seven ‘loca-
tions ‘contained an average of 130 pPpPm
picloram, a value more consistent with that
reported by Morton for 2,4-D in range grass
from Texas. RUD values of malathion and
Othcr pcsumdcs shown in Fig. 2 are specified

-as grass in the' tolerance Ixstmgs Itis believed

that .pasture grass, more lush and higher

‘ )xeldmg than range grass, was studied in cx-

periménts prowdmg data for establishing

‘tolerances.
A growth factor, cxplicitly: the stage of -

growth; influenced chc assignment of Typical
Limit values (6 weeks after - -application} for
pods containing secds, grain, and fruit shown
in_able 9. Plants producing sceds and fruit
mature: rapidly. Either the entire seed is

. formed- or significant growth of fruit occurs

durmg the six wecks period prior to maturity.
A Typical Limit value of 0,2 ppm was as-
sxgncd to fruit to account for slower growing
citrus ‘in contrast to a ncgligible value of
0.1 ppm for grain and sceds. It should be
recalled ‘that the Typical Limit values do
not apply to the relatively small *group of
systemic herbicides. These will be discussed
later.:

Loss of Residues by Wcat.h_ung Whereas

dilution by growth does not result in acgual
loss of pesticide, scverak factors, g,cncrally
described by the term wcathering, result

i gradual Toss of pesticide from plans. (Lp.,_:"i

These  factors mclude rain and humidity,
sunshine [photodegradation}, wind {mechan-
ical “abrasion and removal], temperatute,

“and undoubtedly others. Ebeling (1963) cites

illustrative data for the influence of these
variables on residues. Since the cffects of

‘weathering factors are almost always inter-

related, relatively few studies have isolated
the quantitative effect of individual weath-
ering factors under ficld conditions.

However, it should be emphasized that
these weathering factors, in towal, are sig-
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nificant. For example, residucs of tricyclo-
hexylein hydroxide on grass- werc 60 ppm
immediately .after treatment, but decreased
(0 one-half this value within 4 days (Gctzén-
daner and Gentry, 1970). In contrast, resi-
dues of tricyclohexyltin hydroxide on ap-

~ ples decreased from 2 ppm immediately after

spray treauncnt to oné-half the initial value
in 4 weeks (Gewzendaner and Corbin, 1969].

Based on a study of the data in Tables 1_.

to 5 of other pesticides, and the results of
Guather and Jeppson (1954) and Gunther
et al. [1958A, 1938B), it scems reasonable to
conclude that weathering effects will be
greater_when the ratio of surfacc/mass is

high (grass}, and that weathering effects will
. . N s ysesnarCRN . ’
Le minimized when the surface consists of

" faces is increased under conditons of high

humidity and/or the presence of maisture.
Ebcling. [1963] itcs numerous literature |
cxamples. Harris and Lichtenstein {1961}
have suggested that pesticide molecules are’
appartendy displaced by water molecules .
from the air, resulting in an increase in the':
rate of “volatilization. The tendency of a

pesticide to remain preferentially "adsorbed -
on plant surfaces in monomolecular or thin:-
layers thus appears to be an important para-

meter in addition to inherent vapor pressurc.‘ix.,
Ultimatcly, most pesticides are degraded 'to
simple compounds”either on the plant ‘s‘ur{:“j‘
face, or after transfer to the soil or atmo‘-'}i';u
sphere. Pyrethrins and rotenone decom&t)hs_:“j
rapidly when exposed to sunlight and airi!

iwazy ar oily cuticujar surface which is
compatible with and “protects’’ Tow levels
GF the pesticides from weathering, &. g., ap-
ples or citrus fruit I
Chemical and Physical Propertics of the
Pesticide Affecti iduc. Kenaga
{1968) cites a number of ¢hemical and phys-
ical properties of pesticides which influence
the degree of loss @céticidcs from plant
surfacesVoladility,~ater _solubility, and
craical STability appear to be the more im-
portant of the pesticide properties that influ-

. ence the degree of loss; mainly by infiu-

sencing the rate of weathering. For example,

T DDT is quite: chemically stable, is only very

-slightly soluble:in water, and is of low vola-
tility resulting in relatively high persistence
on various surfaces. In contrast, parathion
is relatively volatile, a factor which contri-
butes to its relatively rapid disappearance
from many ‘plants surfaces. This rapid dis-
appcarance is illustrated by data in Tables 2
and 3, showing decrcascs of RUD values of
70 °/o to 91 %a.in 7 days on cabbage, cclery
lcaves, and turnip greens and of 50%% on
immature pcz;hcs in 7 days. Also, substan-
tially complete loss of ‘parathion from lct-
tuce in one day is illustrated in Fig. 6.

It should be noted herc that the apparent
volatility of some pesticides from plant sur-

TEPP and dichlorvos are alkylphosphite
which hydrolyze very rapidly so that no o
ic residuecs remain on plants after a-matter.
hours (Ebeling, 1963). Organic pesticides th
Jrgani- P> -

are wamsferred from target vegetation to soil

are usually ‘ultimately;‘degradéd to_simplé
and non-toxic compounds by soil microorga:
—s Toss of the pesuide by Volatlity s
wsally followed by degradation, sincé
dust_particles or minute moisture part.i‘éléé
provide ideal sites k i i
cide, and resultant exposure of thin films of
pesticide {high' surface/mass ratio}, to. tiltra
violet energy and oxygen. B
Another characteristic property of a pesti-
cide is its relative tendency to be adsorbed
and translocated by plants and/or insects.
~The systemic or non-systemic nature: ofila
pesticide is influenced not only by its water
solubility and water-lipid solubility par@iﬂtigifn
coefficicnts, but also by the nature of 'the
particular plant cuticular and Lrarfisp‘q‘r‘t'
" systcms. Although herbicidal or insecticid:
activity of a pesticide is often dcpefident
entircly upon foliar or rooct adsorptioriyand
upon translocation, the amount of sy$
pesticide retained in plant tissuc appea
to be small in relation to the pcsticidd Bt~
ment rate or the somectimes high initiall
v vels of foliar residucs (_Hocrgcr,.19701{
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Concluding Comments

Bricfly, consideration of three physical {ac-
- tors, vcgetat'{ve: yield, ‘surface/mass’ ratio,
and interception factors, permit classificition
of plants into categories which show a simi

_ larity in residue levels after application of

pesticide. Consideration of an extensive data
base permits assignment of numerical Upper
Limit and Typical Limit residue values for
each category of plants. Further reliability in
estimating residucs on plants can be achieved
by theorcrical consideration of the oilier
parameters affecting pesticide residue levels.

Typical Limit values provide a realistic, yct'

moderately conscrvative basis, for defining
the pesticide content of food and feed items.
The Limit values in Table 9 provide ade-
quate accuracy for assessing the toxicolo*
gical significance of the extremes of pesticide
residue conceatrations on plants as related
to the food supply of man,'domestic animals,
birds, and other wildlife.

Zusammenfassung

Daten oder zuverlissige Schitzungen iber

.die Hohe von Pestizidriickstinden auf ver-

schiedenen Pflanzenarten sind hiufig erfor-
derlich, um die toxikologische Bedeumng
eines Pestizids in der Umwelt bewerten zu

kénnen. Diescr Bericht enthilt und versleicht

Daten iiber Riidkstinde von tiber 20 Pestizi-

- den auf iiber 60 Kulturpflanzenarten, die

aus der Literatur und aus Erntegut-Toleran-
zen der Vereinigten Staaten cntnpommen
sind. Unter Bcachtung ‘der Unterschiede im
Wadhstumsertrag, im Verhiltnis von Pflan-
zenoberfliche zur Massc und in den pflanz-
lichen Hemmfaktoren wurden die Kultur-
pflanzen in 7 verschiedenc Katcgoricn cinge-
teile

Auf der Grundlage vom cxperimentellen
Daten und von Toleranzdaten wurden fir

jede dicser Katcgorien Zahlen- fur Oberste

G_rcxlz?Ri}ck_standswcrrc und fiir 'Typischc
Grenz-Riickstandswerte angegeben, beide un-
‘mittelbar nach der Pestizid-Applikation und
nach. ciner® Wartczeit von 6 Wochen. Der

Obérste Grenz-Ridkstandswert und der Ty-

pisthe Grenz-Riickstandswert nehmen bei

dicsen Katcgoncn in der folgenden Reihen-

folge ab:

Weidegras ) Gras ) Blitter und Blatrpﬂan-
zen ) Futterpflanzen ) Hitlsen mit Samen)
‘Korner ) Fridite.

Nach einer Pcs:xvldanwendungvon I Ib/acre,
liegen die Obcrstcn Grenz- Rudc.stand.swer
-zwischen 240 ppm auf Weidegras und 7 ppm
auf Friichten (unmxttclbar nach der Applika-
tion). Dic Typisdicn Grenz-Riickstandswerte
licgen zwischen 125 ppm und 1,5 ppm.

Die allmahhche ‘Abnahme von Pestizidriick-
stinden wurde erdriert im Zusammenhang
“mit dem Schatzcn von Riickstandswerten in
versdncdcncn Zeltabstanden nach der Pesti-
’xdanwcndung D1c - Grenzwertzahlen und
das Betrachten  der. Faktoren, die die Ab-
nahme becinflussen, schaffen eine Grund-
lage’ fiir cine ahgemcssene Abschitzung der
Riickstinde {iir, anderc Pflanzen, fuir die
keinc Daten zur Verfiigung stchen — Schit-
zungen, die auf pbigem Konzcpt beruhen,
.sorgen fir  gréfere. Zuverldssigkeit bei der

Definition - der. - toxikologischen Bedeutunyg
" von Pestiziden im . Hinblick auf die Nah-

rungsmittelversorgung von Measchen, Haus-
tieren, Végeln und anderen wildlebenden
Ticren. In ihnlicher Weise kann dic Bedeu-
tung ciner vorgeschlagenen 1andyir§schaft-
lichen Destizidpraxis vor der allgemeinen
Anwendung zuverlissiger bewertct werden.

-
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